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Title: A Photovoltaic Device Based on Conjugated Block Copolymers 
Inventor: Sanv^hajing Sun 

A Photovoltaic Device Based on Conjugated Block Copolymers 
BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present Invention relates to the field of photovoltaic or opto-electronlo 
devices. More particularly, this invention relates to cost effective, lightweight and 

flexible shaped "plastic" photo detectors and "plastic" solar cells (renewable and dean 

•f 

energy generation), etc, 

* • ** • • ' . 
• >• 

Background ^ 

Photovoltaic (PV) is a process where light is absorbed by a media and is then 
converted into a voltage or electric current When light strikes certain materials, the 
photons In the light excite electrons in the material, in some materials, there are free 
electrons that are released by the interaction with the photon; the movement of that 
elecbtDH leaves a hole. The flow of the electron, along with the resulting holes creates 
electric current. Most of the PV cells used today are based on inorganic semiconductor 
materials such as silicon, although other materials, such as Gallium Arsenide, Cadmium 
Telluride, Copper Indium Diselenide are also used. 

The typical silicon based solar cell uses a semiconductor pn-junction. The cell 

comprises semiconductor layers, one of which Is n-doped (doped with atoms of excess 

valence electrons) and the other is p-doped (doped with atoms lacking a valence 

electron); their Interface forms a pn-junction. The n-doped layer is characterized by 
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excess electrons, while the p-doped layer Is characterized by holes. In other words, the 
n-doped layer is a donor (D) of electrons, and the p-doped layer is an acceptor (A). 
Initially the doped materials reach equilibrium across the pn-juncfion. When sunlight 
strikes the material, the light is absoriied in the excitation of the excess electrons, which 
are released and create a charge separation along the pn-junction: a transport of 
electrons and holes creates the electrical current that is collected by electrodes. 

The high cost of manufacturing traditional inorganic photovoltaic materials and 
devices has led to significant research Into altemative photovoltaic materials, as well as 
how to configure those materials .within the solar cells. Additionally, improved efficiency 
could lower the lifetime cost and make photovoltaic devices a more commercially 
attractive and environmentally friendly energy alternative. One area of research is the 
use of organic materials to fabrfcate solar cells, such as using semi-conducting 
conjugated polymers, liquid crystalline structures, etc. Organic materials, including 
polymers, are relatively inexpensive, lightweight, flexible, and easily manufactured in 
comparison to their inorganic counterparts. 

However, semi-conducting polymers work differently from inorganic 
semiconductors. Semi-conducting polymers are long molecules that have repeating 
stnjctures and with alternating single and double carbon-carbon bonds, and are referred 
to as being "conjugated," The double bonds (also called n bonds) within conjugated 
polymers generate a highest occupied molecular orbital (HOMO) that is typically filled 
with 7c electrons, and a lowest unoccupied molecular orbital (LUMO) that is typically 
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empty without light or other forms of excitation. The HOMO or LUMO of each double 

bond in a conjugated polymer backbone Interact with each other and form HOMO and 

LUMO bands, the energy difference between the two bands is generally called band 

gap. or sometimes also called the "optical gap". 

Most conjugated polymers appear to have a band gap that lies in the range of 1- 

3 eV, which makes them Weally suited for light harvesting or photovoltaic devices 

working in the visible light range. The . photo-induced electron transfer and charge 

(electron-hole) separation observed in -conjugated organic composites of the donors 

(election-donating or p-type organic species) and acceptors (electron-withdrawing or n- 

type organic species) provide an alternative to tradittonal Inorganic solar cells. 

The mechanism for an organic approach to high efficiency light harvesting or 

photovoltaic conversion has been developed. Specifically, In organic photovoltaic 

materials, for instance, light generated excitons (e.g., electron-hole pairs) can typically 

diffuse 20 nm In their lifetime. The charges (electrons and holes) can be separated at 

the contact interface between the donors and acceptors, where for donor excitons, the 

electrons are transfen-ed from donor's LUMO to the acceptor's LUMO and for acceptor 

excitons. the holes transferred from acceptor's HOMO to the donor's HOMO, provided 

that the corresponding energy level differences between the donor and acceptor are big 

enough to overcome the exciton binding energy (typically 0.5 eV). Next, and mainly due 

to the asymmetry of the photovoltaic cell, the electrons travel and are collected at the 

negative electrode, and holes travel and are collected at the positive electrodes. One of 
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the main scientific challenges for a high efficiency organic photovoltaic device is to 
fabricate a nano structure where both the donor and acceptor phases have dimensions 
within the typical organic exdton diffusion range (about 20 nm), Y®* are continuous 
between the two electrodes. 

DESCRIPTION OF THE INVENTION 

The present Invention is a potentially efficient organic photovoltaic device made 
of a -DBA- or an analogous block copolymer system, where D Is a donor derivatized 
conjugated polymers, oligomers, or equivalent (also refenred as "conjugated donor ■ 
blodf ), A is an acceptor derivatized conjugated polymer, oligomer, or equivalent (also 
referred as 'conjugated acceptor block"), B is a non-conjugated (such as aliphatic) 
bridge unit. The said block polymer system may also be embodied in, refer to, or be 
represented as -ABD-, -DBAB-. -ABDB-, -BDBA-, -BABD-, -DBABD-, -ABDBA-, etc. 

The present invention comprises the structure and fabrication process of a 
polymer or "plastic" thin film photovoltaic device that possesses benefits of lightweight, 
flexible shape, cost effectiveness, and potentially very high power conversion efficiency 
In comparison to current commercial inorganic semi-conductor based photovoltaic 
devices. This "plastic" photovoltaic device has the following features: 

1) A conjugated donor block (D) is covalently connected with a conjugated acceptor 
btock (A) via a short non-conjugated bridge unit (B) to form a -DBA- or its analog type 
block copolymer chemical stnicture, as shown in Figure 1. Preliminary experimental 
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work has shown the -DBAB- type to be a useful embodiment. Those skilled in the art 
vwll readily see that a variety of configurations could be produced lor specific 
applications or specifications. Preferably, the donor and acceptor blocks should be 
chosen, configured, or built in such a way that the band gap of both donor and acceptor 
phases in solid states substantially match the optical radiation enerigy of the intended 
applications or devtees. This -DBA- and its analog type polymer backbone staicture or 
"Primary Structure' can be realized via common organic design and synthesis. 

2) Additionally, both the donor and acceptor conjugated block backbones may be sdf- 
assembled In a solid thin film state to form a n-orb'ital stacked or adjacent btock chain 
closely packed stmctures, as shown in Figure 2. as in many conjugated polymer 
systems, so that the 7i-orbitals between adjacent backbones are well coupled or 
overlapped to each other. This may be called a "Secondary Staicture". 

3) Additionally, the donor and acceptor block should be sufficiently different from each 
other, so that in solid thin film state, donor and acceptor blocks will be able to phase 
separate from each other as seen In many block copolymer systems. The donor and 
acceptor separated phases may be self-assembled to form a polumnar or "Honeycomb" 
shaped stnjctures, as is the general case known in many dl- or tri-block copolymer 
sterns. 
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It is known that the incompatibility between the blocks leads to the formation of 
many unique micro- or nano-phase separated and ordered structures, including, but not 
limited to, lamella, columnar, cubic centered lattice, etc., and a specific phase separated 
structure is determined by chemical composition, size of each block, temperature, and 
other factors. For ' instance, a recent, report of MEH-PF^/Polystyrene-CeQ 

donor/acceptor di-block copolymer system indeed exhibited a "honeycomb" shaped 
nano structure. 

Each donor phase column should interface with at least one acceptor column, 
and vice versa. The diameter of each column should be approximately within the 
corresponding effective excifon diffuston length of the respective donor or acceptor 
blocks (typically about 20 nm). 

Finally, a thin layer of donor block may be coated on one side of the columnar or 
"Honeycomb" structure in perpendicular to the column direction in order to fornn a 
positive side of the photovoltaic device, and a thin layer of accepto> block will likewise 
coated on the other side of the "Honeycomb" to form a negative side of the PV device. 
Other forms of aligning or directing charge as is known in the art will serve as well. 
Finally, a conducting electrode with a work function dosd to, or substantially appropriate 
to the HOMO levels of the donor placed in contact to the donor (positive) layer side of 
the device will collect holes, and a conducting electrode with a work function close to, or 
substantially appropriate for the LUMO levels of the acceptor placed in contact to the 
acceptor layer (negative) side to collect electrons. At least one electrode should be 
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transparent to the intended light radiation. This may be called Tertiary Structure" of the 
said PV cell, as shown in Figure 3. 

In the present invention, a -DBAB- type block copolymer system has already 
been synthesized and characterized recently, where D is an alkyloxy donor derivatized 
poly-(1,4)-phenyIenevinylene (PPV), abbreviated as "RO-PPV", A is a sulfone acceptor 
derivatized PPV, abbreviated as ''SF-PPV-r, and B is a non-conjugated aliphatic bridge 
unit. Preliminary electron microscopic study has revealed interesting regular nano- 
phase separated morphological pattern in a drop dried -CBAB- film. A donor or 
acceptor derivatized polythiophenes, or other similar type materials, may also be used 
as the conjugated blocks. A non-conjugated bridge unit provides an energy bam'er 
between the bands of the donor and acceptor blocks in order to prevent a convenient 
electron-hole recombination. The bridge also makes the donor or acceptor rigid blocks 
less vulnerable to distortion, and more convenient to self-assemble. Conjugated n 
orbital distortton due to molecular thennal vibrations or backbone twist typically 
interrupts conjugation and therefore reduces charge mobility. 

In summary, the backbone, structure -DBA- and its analogs may be called a 
"Primary Stmcture". Since the it ori^itai overiap between rigid blocks are useful for 
charge mobility, this self-assembly morphology between blocks could be called a 
"Secondary Structure". Finally, the block copolymer "honeycomb" morphology provides 
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smooth "tunnels" for charge transportation to the respective electrodes. The 
"honeycomb" stnjcture may be sandwiched between a thin layer of donor film (m 
contact with a positive electrode), and a thin layer of acceptor film (in contact with a 
negative electrode) so that an efficient asymmetric polymeric photovoltaic device Is thus 
fonned. The sandwiched 'honeycomb" stmcture can be called a "Tertiary Stmcture". 
Another advantage of this system Is that the interfaclal area and the phase size can be 
tuned via block copolymer segment size, therefore, the opto-eleclronic conversion 
efficiency can be easily optimized via materials design and synthesis. 

CLAIMS 

What is claimed is: 

1. A photovoltaic primary stmcture comprising: 

a conjugated donor block, 

a conjugated acceptor block, and 

a non-conjugated bridge covalently coupling said donor btock and said acceptor 
block. 

2. The photovoltaic primary stmcture as described in claim 1. wherein a second non- 
conjugated bridge is covalently coupled to one of either said acceptor block or said 
donor btock. and saW second non-conjugated bridge is capable of coupling to other 
such photovoltaic primary structures to fomi a repeating chain. 
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3. A photovoltaic secondary structure comprising a plurality of primary structures In a ic 
orbital stack and closely packed morphology. 

4. A photovoltaic tertiary structure comprising a plurality of secondary structures in a 
phase separated collumnar nano-structure. 

5. A photovoltaic tertiary structure as described in claim 4, further comprising a donor 
thin layer at a first end of such coHumnar nano-structure and an acceptor thin layer at an 
opposing second end of such coHumnar nano-stiuctiire. wherein said donor thin layer 
and said acceptor thin layer aie oriented to such collumnar nano-stmcture so as to fomi 
an asynnmetric geometry. 

6. A process for producing a photovoltaic primary structure comprising the steps of 

producing a conjugated dpnor block, 
. producing a conjugated acceptor block, and 
covalently coupling said donor block to said acceptor block with a non- 
conjugated bridge, misarvz 
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